Abstract. The Capability Maturity Model (CMM) is used in the software industry to improve design process as well as product quality. Likewise, CMM is also used in the education sector for a similar purpose. This paper presents, in particular, a proposed maturity model for curriculum design for Institutions of Higher Learning in Malaysia. The Curriculum Design Maturity Model O E (CDMM-1) is specifically aimed at guiding curriculum designers in producing quality curricula according to programme specifications. In this study, CDMM-1, which is derived from the proposed maturity model, has both process and product components. However, this paper only focuses on the product quality aspect.
Introduction
Curriculum quality is much related to the success of an educational institution [1] . Hence, educational institutions should pay careful attention to their curriculum design as it functions as a framework in meeting their institutional goals and missions. The development of a curriculum and its quality assessment can be rather complex and time consuming. However, despite much effort spent in designing them, uncertainty remains over the quality of the resulting curriculum [2] . Through literature review, we know that the design process plays an important role in producing quality products [3] . Fortunately, product quality can be determined independently, irrespective of the process used to create it.
This study has significant potential in helping curriculum designers produce quality curricula using a proposed maturity model. This paper aims to construct a maturity model to be used as a guide for curriculum designers in designing quality curricula for institutions of higher learning (IHLs). The Capability Maturity Model (CMM) is adopted as process improvement model for optimizing the quality of the product (curriculum). According to Jalote [4] , CMMs could be a means to overcome the lack of quality standards in the education sector.
One of the greatest challenges faced by curriculum designers today is producing a quality curriculum for higher education since quality assurance in this sector is a relatively recent development in most ASEAN countries [16] . Two decades ago, researchers discovered several challenges encountered by curriculum designers [19] , among which are the lack of knowledge of educational literature on curriculum development and course design, and the lack of skills in designing responsive courses, authentic assessments and effective delivery strategies. The question is whether those challenges from 1991 are relevant today, particularly at the Institutions of Higher Learning in Malaysia. A common challenge faced by Malaysia's higher education sector is the ineffective academic curricula and materials (mismatch between curricula and working requirements; irrelevant curricula). Therefore, teaching-learning, an aspect of quality assurance in higher education particularly for curriculum design and maintenance, has been identified as critical to its development in Malaysia [23] .
The remaining sections of this paper are organized as follows. In Section 2, the research background is presented and reviewed. Section 3 explains the methodology. Next, the structure of the curriculum design maturity model is presented in Section 4. In Section 5, we discuss our insights into the study and finally, Section 6 concludes the paper.
Background

Related Work
To produce quality software products, it is the development process that is important. Similarly, to produce quality curricula, it is the design process that is crucial. Curriculum design and software development share several similarities. Both involve complex activities and development life cycles, and both emphasize design quality. The success of both domains depends on good structures and the use of best practices, i.e. processes that help us structure and do things right [3] .
There are five processes in CMM, with each process broken up into practices that are assessed at every level based on given assessment criteria. The key product quality attribute (KPQA) used in this study is programme coherence (hereinafter referred to as curriculum alignment). The maturity level used for this study is Level 2 as it is believed that most organizations have achieved Level 2 of CMM. Table 1 . Capability Maturity Model (CMM) [6] 
Maturity Level
Brief Description
Initial
The software process is characterized as ad hoc, and occasionally even chaotic. Few processes are defined, and success depends on individual effort and heroics. Repeatable Basic project management processes are established to track cost, schedule and functionality. The necessary process discipline is in place to repeat earlier successes in projects with similar applications. Defined
The software processes for both management and engineering activities are documented, standardized and integrated into a standard software process for the organization. All projects use an approved, tailored version of the organization's standard software process for developing and maintaining software.
Managed
Detailed measurements of the software process and product quality are collected. Both the software process and products are quantitatively understood and controlled. Optimized Continuous process improvement is enabled by quantitative feedback from the process and from piloting innovative ideas and technologies.
There has been quite a history in the application of CMM in education. Many maturity models have been constructed based on CMM to address the absence of quality standards in education. Some of these are process improvement models used by higher education to support online course design and curriculum design for Information Systems education, while others are process improvement models for other areas such as e-learning [5] [8] [9] . The two maturity models referred to in this study are the online course design maturity model (OCDMM) introduced by Neuhauser [5] and the curriculum redesign model with CMM introduced by Dennis Drinka and Minnie [9] . Despite the numerous maturity models constructed to support and improve quality design processes, literature review has revealed a lack of maturity models that provide guidance to curriculum designers in designing quality curricula. As a result, the time and effort required for this task will remain as challenging factors to curriculum designers for IHLs in Malaysia [2] .
Product Quality
Product quality is difficult to quantify as it is an 'elusive' concept [12] . Likewise, the quality of a curriculum is difficult to define in quantitative terms. If defined, it is usually vague and difficult to measure [13] . In addition, the definition of quality is contextual; users of software products may place greater value on certain quality attributes in one context than another.
Quality is defined by international organisations as follows: "Quality comprises all characteristics and significant features of a product or an activity that relate to the satisfying of given requirements" (German Industry Standard DIN 55350 Part 11).
For the purpose this paper, quality is defined as the state in which a curriculum meets the given requirements stipulated in programme standards, resulting in an outcome that supports national goals for education. In this paper, wherever the term "product" appears in the context of software engineering education, it can also be taken to mean "curriculum".
In Malaysia, the national goals for education, as determined by the Ministry of Higher Education (MOHE), are stated in the National Higher Education Strategic Plan. There are four distinct phases with four strategic thrusts in this plan. It contains the critical implementation mechanism and schedule. This action plan is further divided into three parts, the second of which is the critical agenda. In total, there are 23 critical agenda projects, one of which is quality assurance. In Phase II (2011-2015) of the plan, Institutions of Higher Learning (IHLs), particularly private IHLs, are expected to place emphasis on improving the quality and variety of programmes, which is a key item [17] . This is because the quality of programmes has become critical to the MOHE.
The principal guides to the body of knowledge for software engineering are SWEBOK (Software Engineering Body of Knowledge) and SEEK (Software Engineering Education Body of Knowledge). One of the main objectives of these guides is to identify and describe generally acceptable software engineering knowledge. Although the two bodies of knowledge are distinct, they are closely related in terms of scope [21] . SWEBOK or SEEK can also be adopted as a foundation for curriculum development in Malaysia although it is specific to the U.S. style of education [22] . Many believe that focusing on a few important areas of content to bring students to a level of mastery is a better strategy than a curriculum that attempts to cover a wide range of contents and is, therefore, necessarily shallow in expectations for student mastery [24] . Porter and colleagues highlighted in his article written in 2007, that, "…if focused on the wrong content, could have a disastrous result… focused on the right content, may have a positive result" (p.29).
In Malaysia, a document entitled, "Programme Standards: Computing" (PS) is used as a guide that describes the characteristics of various programmes in Computing disciplines, namely Computer Science (CS), Information Technology (IT), Software Engineering (SE) and Information Systems (IS). This study will only focus on SE. The PS makes reference to documents produced by The Joint Task Force for Computing Curricula, which is a cooperative project of The Association for Computing Machinery (ACM), The Association for Information Systems (AIS) and The Computer Society (IEEE-CS).
The PS states that, "…the purpose of these programme standards is to provide guidelines in relation to the development and context of programmes in the identified fields. It is of paramount importance that this document be read with other quality assurance documents and policies by the Malaysian Qualifications Agency and related agencies. Within the Malaysian context, it is believed that using the said guidelines and quality assurance documents in designing curricula would result in quality curriculum designs. A software developer may eventually produce good software anyway, as the process by which the quality of the software is developed is not directly visible in the quality of the end product [4] . However, curriculum designers can indirectly influence the end product of their work. In this paper, curriculum designers are defined as educators who try to put the key components of a curriculum in some order or rationality during the process of designing a curriculum by using selected curriculum design models. In the following sections, more related work will be discussed.
Key Product Quality Attributes (KPQAs)
Within the PS, learning outcomes of SE programmes are included, being the most commonly used (assessment) criterion [18] . In this paper, the intended learning outcomes (ILOs) are associated with the classification system introduced by Bloom. Bloom's taxonomy is used as a tool to guide curriculum designers in defining course materials, university curricula etc. [20] . According to Bloom in his book written in 1956, "…the taxonomy should be a logical classification system in that every effort should be made to define terms as precisely as possible to use them consistently" (p.6).
The idea behind taxonomy was formed at the time of its development in 1948 when a group of psychologists discovered the difficulties of cooperation and communication in educational evaluation work, and the limitation they found was the absence of a common frame of reference [15] . Taxonomy was then introduced as a classification system to overcome these difficulties. The contribution value of taxonomy in solving these difficulties lies in the fact that it helps make the objectives (learning outcomes) clear and precise.
For example, the ideal situation in designing clear and precise learning outcomes is when learning outcomes are so clearly stated that the authors (curriculum designers) know what they mean and the readers (teachers/students) have a clear idea of what is intended. It is not easy to attain this ideal. This is mainly due to the difficulties in using language to communicate intentions. However, it might be possible to devise a classification system that permits one to know almost exactly what is meant by a particular category. If a classification system is used, then the authors and readers of the learning outcomes would place them in their relevant categories, thereby making the consequences of the learning experience (TLAs) and the evaluation (assessment tasks) relatively clear and precise [15] . In fact, the terminology used in designing learning outcomes must be clear and meaningful. Classifying the educational objectives would help curriculum designers clarify and tighten the "language" of these educational objectives [15] .
There are three major parts of a complete taxonomy, which are the cognitive, the affective and the psychomotor domains. The affective domain includes objectives (learning outcomes) that describe changes in interest, attitude and values, as well as the development of appreciation and adequate adjustment. The psychomotor domain is the manipulative or motor-skill area [14] . Of the three domains stated above, curriculum development has mostly taken place in the cognitive domain. This is also the domain of focus in this study.
A taxonomy is further qualified as intellectual behaviors that represent the intended outcomes of the educational process. Bloom's taxonomy of the cognitive domain comprises six levels of intellectual behavior, namely knowledge (K), comprehension (C), application (AP), analysis (AN), synthesis (S) and evaluation (E) [14] . These six levels can be further categorized by learning outcome into lower level learning outcomes and higher level learning outcomes. These learning outcomes would later need to be refined based on each level's key terms. 
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The concept of curriculum alignment is widely accepted as a major principle governing curriculum design. According to Biggs and Tang [26] , 'alignment' refers to the state of a learning environment where the key curriculum components, such as teaching and learning activities as well as assessment tasks, are aligned to the intended learning outcomes. The learning environment includes lectures, tutorials, etc. According to Squires [25] , alignment is an agreement or a match between two categories. He also pointed out that a robust alignment approach could help develop a good (quality) curriculum.
Curriculum is a term often used by educators. According to Murray [29] , the term curriculum is often confused with syllabus. He defines a syllabus as a list of content areas to be assessed and the list is sometimes extended to include a number of objectives and learning activities. In other words, a syllabus is only a subsection of a curriculum. It can be thought of as the curriculum documents.
In software development, for example, the software requirement specifications (SRS) is a document that contains all the necessary requirements for the software project development. Software functionalities and non-functionalities are described in the SRS. Software quality should be evaluated according to its specifications using the conventional interpretation of quality [28] . However, it is rather difficult for a software engineer to craft specifications completely and consistently. Furthermore, some necessary requirements may not be captured in the specifications document (or SRS) [12] . A software product may be assessed as "high quality" according to its specifications even though not all customers' requirements are captured in the final product.
In this study, this document is referred to as the curriculum document and it is likened to the SRS. The scope of curriculum documents in this study is limited only to the key curriculum components, such as the intended learning outcomes (ILOs), TLAs and assessment tasks. This is also one of the limitations defined in this paper that is due to complexity. In addition, the knowledge areas of SE and Bloom's taxonomy are discussed in this paper.
Methodology
CDMM-1 is a model constructed based on: (1) a review of existing CMMs related to curriculum design; (2) the experience of the authors; and (3) document analysis and literature review. The two models that CDMM-1 is based on are the online course design maturity model (OCDMM) and the curriculum redesign process improvement model for information systems education as proposed by Dennis and Minnie [9] and by Neuhauser [5] , respectively. Both these models have their strengths and limitations.
The Curriculum Design Maturity Model (CDMM)
The Structure of CDMM
The structure of CDMM-1 is derived from a proposed model named Curriculum Design Maturity Model (CDMM), which is the main model constructed based on CMM and focused on the process aspect of curriculum design. CDMM consists of five maturity levels and each level comprises technical and managerial processes. The detailed description of each maturity level is not included in this paper. Table 2 shows the key process areas. The technical processes of the repeatable level (Level 2) are the focus of CDMM-1 in this paper. CDMM-1's maturity levels and KPQA are presented in Table 3 . The process portion of CDMM-1 is structured into five maturity levels, each of which is associated with key process areas. The product portion of CDMM-1 is inverted. The curriculum design meets programme specifications Each KPQA has five maturity levels. For the purpose of this paper, only one crucial key process area (KPA) of Level 2 of CDMM-1 is given focus, which is the curriculum quality assurance (refer to Table 4 ). Level 2 consists of managerial processes and technical processes. Managerial processes are those that significantly affect the way management operates to make decisions and control the project/work during the regular curriculum design life cycle; and technical processes are those that affect the way curriculum designers perform their work, such as conforming to the curriculum structure. This paper only covers a single technical process in Level 2 i.e. curriculum quality assurance. In designing new curricula or redesigning existing curricula, the process starts at the Initial level. The reason is that CMM was originally designed for stage-by-stage improvement, with the concept being applied for evolutionary improvements of each process. Process capability is used to predict the most likely results. If a given set of process requirements is satisfied, then we can accurately predict the results. For example, literature shows that a taxonomy table helps improve clarity in communication among curriculum designers by first stating lower-level learning outcomes. If this requirement is fulfilled, then it will move on to the next level. The requirements are developed from benchmarks. These benchmarks are provided in the relevant documents, namely PS, MQF, COPPA, COPPIA and GGP. Other documents may also be used, such as SWEBOK and literature review.
This study focuses on the curriculum redesign process of an academic program in the field of software engineering. Henceforth, the curriculum shall be referred to as the 'programme' and the modules within the programme shall be referred to as 'courses'. A 'programme' is defined as an arrangement of courses that are structured for a specified duration and learning volume to achieve the stated learning outcomes and usually leads to an award of a qualification. A 'module is defined as a unit of learning and teaching, also described as a subject, course or unit in a programme [11] . In this paper, curriculum and programme will be used interchangeably. A brief description of the KPQA of each level will be presented in the following sections.
The Structure of CDMM-1
The key product quality attribute (KPQA) presented in this study is alignment. Several steps need to be taken in designing an aligned curriculum, starting from ensuring clarity of the learning outcomes using Bloom's taxonomy, followed by aligning them to TLAs and assessment tasks using key terms in a proposed taxonomy table.
Level 1-Initial The clarity of learning outcomes is the lowest at this level. Since the learning outcomes are developed partially based on Bloom's taxonomy, the alignment of learning outcomes with TLAs and assessment tasks are not in place. In fact, there is only partial coverage of knowledge areas in SE disciplines at this level.
Level 2 -Repeatable
In order to illustrate the clarity of learning outcomes, Blooms's taxonomy is used as a tool to defineclear and precise leaning outcomes for each topic covered in the knowledge areas within the SE discipline. There are two process capabilities at this level. Process capability one covers topics within each knowledge area, identifies the cognitive level, and proposes the key terms to be used for each learning outcome in order to improve clarity. Process capability two aligns TLAs and assessment tasks to the learning outcomes based on the key terms used for each component (refer to table 5). The taxonomy is regarded as a useful and effective tool for curriculum design. According to Bloom and his colleagues (1956) , if a taxonomy is regarded as a useful and effective tool, then it must be accepted and used by curriculum workers (designers). Level 3-Defined The difference between Level 2 and Level 3 alignments is that Level 3 fully applies Bloom's taxonomy in designing learning outcomes and aligns TLAs and assessment tasks to learning outcomes based on taxonomy table. In fact, the clarity of key terms used in learning outcomes facilitates communication between curriculum designers, using Bloom's taxonomy. There is also full coverage of knowledge areas for related key topics in SE at this level.
Level 4-Managed Alignment is made possible using taxonomy as an effective tool. Alignment is determined based on the key terms used for the three key curriculum components. At this level, a template is used to gauge the coverage of each knowledge area.
Level 5-Optimized A continuous improvement process takes place at this level. This level was renamed the 'optimizing' level in early 1988 because the continuous process is considered to be a never-ending improvement journey [27] . The alignment of the three key components needs to go through an instructional process to gauge its success. Student performance indicates the effectiveness of the alignment and the continuous improvement process iteration.
Discussion
Product quality has always been a somewhat elusive concept that is difficult to quantify. In software engineering, there are a number of tangible attributes, such as the measurement of the line of source codes in a software programme, which is used as an indirect indicator of quality attributes. Assessing curriculum quality in the context of clarity and precision is rather challenging since curriculum quality is dependent on attributes such as the alignment of learning outcomes with TLAs and assessment tasks. It is difficult to define a unified model of curriculum quality that is suitable for all domains and circumstances. This paper presents the preliminary work towards producing a curriculum design maturity model that captures the important attributes of a product. In this study, one KPQA is presented. However, there are other relevant KPQAs that are currently under consideration for inclusion in future work. Further research can be done by investigating other KPQAs that may determine the quality of a curriculum.
Conclusion
The findings can be utilized for future research in determining curriculum quality. Continuous improvement is needed to ensure that a proposed model will help curriculum designers develop quality curricula. In order to validate and ensure that the proposed model is more comprehensive, the model needs to be evaluated by various experts. In addition, other key curriculum components, including educational methods such as credit systems, need to be included.
